Conformational interactions between alpha and beta subunits in the F1 ATPase of Escherichia coli as shown by chemical modification of uncA401 and uncD412 mutant enzymes.
In contrast to wild-type F1 adenosine triphosphatase, the beta subunits of soluble ATPase from Escherichia coli mutant strains AN120 (uncA401) and AN939 (uncD412) were not labeled by the fluorescent thiol-specific reagents 5-iodoacetamidofluorescein, 2-(4'-iodoacetamidoanilino)naphthalene-6-sulfonic acid or 4-[N-(iodoacetoxy)ethyl-N-methyl]amino-7-nitrobenzo-2-oxa-1,3-diazole. The mutation in the alpha subunit (uncA401) of F1 ATPase thus influences the accessibility of the single cysteinyl residue in the beta subunit. Following reaction of ATPase with 4-chloro-7-nitrobenzo-2-oxa-1,3-diazole or N,N'-dicyclohexylcarbodiimide, the alpha and beta subunits of the uncA401, but not of the uncD412 mutant F1 ATPase were intensely labeled by a fluorescent thiol reagent. The mutation in the beta subunit (uncD412) thus influences the accessibility of the cysteinyl residues in the alpha subunit. In other work [Stan-Lotter, H. and Bragg, P.D. (1986) Arch. Biochem. Biophys. 248] we have shown that 4-chloro-7-nitrobenzo-2-oxa-1,3-diazole and 2-(4'-iodoacetamidoanilino)naphthalene-6-sulfonic acid react with a different beta subunit from that labeled by N,N'-dicyclohexylcarbodiimide. This asymmetry with respect to modification by 4-chloro-7-nitrobenzo-2-oxa-1,3-diazole and N,N'-dicyclohexylcarbodiimide was seen in both mutant enzymes. In addition, the modification of one beta subunit of the uncA401 F1 ATPase induced the previously unreactive sulfhydryl group of another beta subunit to react with 2-(4'-iodoacetamidoanilino-naphthalene-6-sulfonic acid. These results provide evidence for at least three types of conformational interactions of the major subunits of F1 ATPase: from alpha to beta, from beta to alpha, and from beta to beta. As in wild-type ATPase, labeling of membrane-bound unc mutant ATPase by a fluorescent thiol reagent modified the alpha subunits. This suggests that a conformational change of yet a different type occurs when the enzyme binds to the membrane.